Three pigs, weighing 63 kg-70 kg each, from a group of 8 pigs in an outdoor pen that was struck by lightning were necropsied. All 3 pigs presented with hind limb paralysis. The only lesions identified were multiple fractures of the last (seventh) lumbar vertebral body and first sacral vertebral segment, with dorsal displacement of the sacrum and transection of the distal spinal cord and spinal nerves. Hemorrhages extended from the fracture sites into muscles immediately surrounding the lumbosacral junction and retroperitoneally into the pelvic cavity. These hemorrhages were not clearly visible until the pelvic region was dissected. Lesions commonly found in human lightning-strike victims were not present in these pigs. Because vertebral fractures may be the only lesions and may be grossly subtle in heavily muscled pigs, careful pelvic and vertebral dissection is recommended in cases of suspected lightning strike and electrocution.
Lightning is a weather-related phenomenon capable of causing injury or death to people and animals. Worldwide, lightning strike results in 0.2-1.7 deaths per million people. In the United States, an estimated 300-600 people die each year of lightning strike. 11 Most lightning strikes involve individual victims, not groups. 5 Lightning strike in pigs has been rarely reported and has always involved groups of pigs housed in barns. 1, 3, 10 The purpose of this report is to describe the lesions caused by lightning strike in pigs housed in an outdoor pen.
During a severe nighttime thunderstorm with lightning, 8 large-white, cross-bred pigs, weighing 63 kg-70 kg each, that were housed in an outdoor pen were presumably hit by side-scatter lightning after a tall tree adjacent to the pen was directly hit by lightning. The tree, located less than 1.8 m from the hog pen, had long cracks along the trunk that were indicative of lightning strike. Branches and roots of the tree touched a 3.7 m ϫ 4.6 m open-faced sheet metal shed that provided shelter for the pigs. The shed was inside a temporary 15.2 m ϫ 15.2 m pen constructed of heavy gauge, 1.2 m ϫ 2.4 m metal wire hog panels. The panels were wired together and were supported by metal T-posts driven into the ground. There was no source of electricity to this outdoor pen. All feed and water were delivered by hand. The evening before the storm, all pigs were alert, active, and clinically normal. The morning after the storm, 1 pig was found dead lying against the side of the metal shed closest to the tree. The other 7 pigs in the pen were alert and had normal rectal temperatures (101.4-102.4 F); however, 3 pigs were completely paralyzed in the hind limbs, and 4 pigs had varying degrees of hind limb paresis but could walk with assistance. All 7 pigs ate and drank when offered food and water.
The dead pig was necropsied on the farm by the referring veterinarian. No lesions were identified. Because of the sudden onset of clinical signs and the absence of on-farm diagnosis, 2 live, paralyzed pigs were submitted to the Purdue University Animal Disease Diagnostic Laboratory for euthanasia and postmortem examination approximately 1.5 days after the storm. The third paralyzed pig was submitted for Pigs were stunned using 120-V alternating electric current and were euthanized by exsanguination. At necropsy, all 3 submitted pigs were paralyzed and nonambulatory. Pigs were alert, could hear even faint noises, and had no detectable visual defects. Rectal temperatures were normal. Cutaneous hemorrhages or burns were not found in any pig. Tympanic membranes were intact.
Necropsy findings were similar in all 3 pigs. The only lesions identified were multiple fractures of the last (seventh) lumbar vertebral body and first sacral vertebral segment in all 3 pigs ( Fig. 1 ). All 3 pigs had dorsal displacement of the sacrum with transection of the distal spinal cord and spinal nerves. Hemorrhages extended from the fracture sites into muscles immediately surrounding the lumbosacral junction and retroperitoneally into the pelvic cavity. These hemorrhages were not clearly visible until the pelvic region was dissected. Hemorrhages extended cranially in the spinal leptomeninges and central canal into the middle of the thoracic spinal cord. No other gross lesions were identified. Bones were sufficiently thick and strong. Bone ash (64.1-65.9% fat-free dry weight), density (1.16-1.17 g/ml), calcium (37.4-37.7% ash), and phosphorous (17.8-17.9% ash) from the midshaft femur of each pig were considered as being within normal limits.
Radiographic findings confirmed the extensive fractures of the distal lumbar (L) and proximal sacral vertebra (Fig. 2) . Multiple radiographic projections of the pelvis and lumbosacral region were made. There was a longitudinal fracture (dorsal plane) of L7, which appeared to course through the pedicles (Fig. 2) . The cranial aspect of L7 articulated normally with L6. The sacrum was fractured in the transverse plane and was displaced dorsally. Only the cranial endplate remained in its normal position, forming the lumbosacral articulation. There was increased soft tissue opacity ventral to the lumbosacral region that was compatible with hemorrhage.
Microscopic evaluation of sections of the cerebrum, cerebellum, brainstem, lung, liver, kidney, spleen, left ventricular myocardium, right ventricular myocardium, atrial myocardium, interventricular septum, skeletal muscle of the hind limbs, stomach, small intestine, and large intestine from each pig did not reveal any changes. Muscles immediately surrounding the broken vertebrae contained hemorrhages and On the basis of the history of the storm, evidence of lightning strike in an adjacent tree, and occurrence of subacute lesions typical of electrical injury in the absence of an artificial source of electricity, a diagnosis of lightning strike was made.
A diagnosis of lightning strike in humans is usually based on eyewitness accounts of lightning strike or physical evidence at the death scene such as damage to nearby trees and keraunographic ground markings, burned clothing, and alterations of metal objects including jewelry. 11 Cutaneous burns occur in 90% of lightning-strike victims, but the burn patterns are variable and provide only circumstantial evidence of electrical burn. Arborizing red skin lesions (hemorrhages) referred to as keraunographic markings, Lichtenberg figures, ferning, and feathering are considered pathognomonic for lightning strike and are present in approximately 30% of lightning-strike cases. 9, 11 Survivors of lightning strike may initially have keraunographic markings, but these markings disappear after 12 hours.
If keraunographic markings are not present, a diagnosis of lightning strike that is based solely on lesions can be speculative. In humans, a spectrum of lesions can be found during autopsy of lightning-strike victims. Ruptured tympanic membranes and tiptoe burns in the feet, which are thought to be exit sites of electric current, were found in over 80% of lightning-strike cases. 5, 8, 11 Other lesions, which occur in less than 20% of lightning-strike victims, include cardiac contusions, hemopericardium, myocardial necrosis in the absence of coronary artery disease, aortic medial tears, subdural and intracerebral hemorrhages, skeletal muscle necrosis, and pulmonary contusions. 11, 12 A variety of eye lesions and physeal lesions may not present initially but manifest as chronic sequelae to lightning strike. 5, 6, 7 The only lesions observed in the swine in the present case report were vertebral fractures. Similar lesions have been described in koi carp after lightning strike. 2 Lumbar and sacral fractures were the only or major findings in 2 other reported cases of lightning strike in swine. 3, 10 These fractures were presumed to be due to acute, intense muscular contractions leading to a ''jackrabbit'' takeoff at the time of the shock. 10 Intense hind limb muscle contraction in heavily muscled pigs probably created an overwhelming force on the natural angle of the lumbosacral joint, resulting in the vertebral fractures at this site. Vertebral fractures and associated hemorrhage in heavily muscled pigs may be subtle and could be easily overlooked. 4 Because vertebral fractures may be the only lesions, careful pelvic and vertebral dissection is recommended in cases of suspected lightning strike or electrocution. 4 In addition to vertebral fractures, other lesions have been reported in pigs struck by lightning. Pelvic and rib fractures were reported in 10 of 64 pigs after lightning struck on a barn in the first reported case. In the same case, bruising in various muscles was observed in 62 of 64 pigs slaughtered the day after the lightning strike, but no skin burns were reported. 3 In the second reported case, 11 pigs died suddenly after a barn with metal slat flooring was struck by lightning. 1 Two of the 11 pigs were necropsied; both pigs had acute deep skin burns on nipples 3-6, and 1 pig had burn marks up to several centimeters in diameter on the soles of 2 hooves. The skin adjacent to burned areas had palisading or streaming keratinocytes commonly observed with electrical burns. One of the 2 pigs had linear red streaks in the skin, extending from the burned nipples into the skin of the left lateral abdominal wall. These linear streaks likely represent nonarborizing keraunographic markings. In the present case report, keraunographic markings were not observed by the referring veterinarian. As in humans, such markings would likely have disappeared in pigs that survived for more than 12 hours and, therefore, would have disappeared by the time these pigs were submitted for necropsy. In the second reported case, burns on the sole of the hooves were much larger than the tiptoe burns in humans, but these burns likely represent transfer points of the electricity and emphasize the need to carefully examine hooves in sudden death cases in which lightning strike or electrocution is suspected.
On the basis of the present report and previous reports of lightning strike in pigs, vertebral fractures were the most consistent lesions. Because vertebral fractures may be the only lesions and may be grossly subtle in heavily muscled pigs, careful pelvic and vertebral dissection is recommended in cases of suspected lightning strike or electrocution. Lesions commonly found in human lightning-strike victims were uncommon in swine and should not be expected or required to make a diagnosis of lightning strike in sudden death cases in swine.
